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Physical activity (PA) and exercise are often used as tools to reduce stress and therefore 
the risk for developing cardiovascular diseases (CVD). Meanwhile, heart rate variability 
(HRV) has been utilized to assess both stress and PA or exercise influences. The objective 
of the present review was to examine the current literature in regards to workplace stress, 
PA/exercise and HRV to encourage further studies. We considered original articles from 
known databases (PubMed, ISI Web of Knowledge) over the last 10 years that examined 
these important factors. A total of seven studies were identified with workplace stress 
strongly associated with reduced HRV in workers. Longitudinal workplace PA interventions 
may provide a means to improve worker stress levels and potentially cardiovascular 
risk with mechanisms still to be clarified. Future studies are recommended to identify 
the impact of PA, exercise, and fitness on stress levels and HRV in workers and their 
subsequent influence on cardiovascular health. 
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INTRODUCTION 

The adaptive process by which an organism maintains homeosta- 
sis is known as allostasis with variable allostatic loads commonly 
experienced by humans (McEwen and Seeman, 1999; Frodl and 
O'Keane, 2012). When exposure to chronic stress becomes exces- 
sive, the allostatic load experienced may promote important alter- 
ations in stress sensitive systems that are intimately linked to the 
pathophysiology of many diseases (Juster et al., 2010). The most 
studied of all stress related disorders is cardiovascular disease 
(CVD), which has been highlighted as the leading cause of mor- 
tality worldwide (World Health Organization, 2011). Previously, 
stress experienced by a person at their place of employment or 
work has been suggested to substantially increase their CVD risk 
(Yarnell, 2008; Thayer et al., 2010) with the risk of coronary heart 
disease being increased by 50% among workers (Kivimaki et al., 
2006). As individuals spend most of their daily time at work (e.g., 
8-10 h per day), a greater examination of the impact of interven- 
tions focusing on managing work-related stress as an important 
component of allostatic loads is warranted to reduce CVD risk 
and promote life-long resiliency against abnormal allostatic load- 
ing for workers (Juster et al., 2010). Development of healthy 
workplaces and practices may provide important environments 
that combat chronic stress and its consequent adverse contri- 
bution to the increasing work-related development of disease 
(Taylor et al, 1997). 

Physical activity (PA) and exercise have been extensively rec- 
ognized as important influences on the relationship between 
psychosocial stress and CVD (Hamer, 2012) probably because of 
its influence on physical fitness. Thus, it would be expected that 
more active individuals, who conversely possess higher physical 



fitness, would be more resilient to mental stresses (Hamer, 2012). 
In this regard, interventions that involve PA in conjunction with 
other beneficial practices (e.g., social support) in the workplace 
may be very effective for the control of allostatic load at an indi- 
vidual level (Juster et al., 2010). However, the expected greater 
stress resilience in those individuals with a greater physical fitness 
has been questioned as the stress-buffering effect of physical fit- 
ness has not always been demonstrated (Jackson and Dishman, 
2006). This lack of demonstration may be related to methodolog- 
ical constraints of previous studies (Hamer, 2012) with further 
studies warranted to elucidate the important role that PA and 
exercise could have on workers cardiovascular health, potentially 
as an important stress-buffer. 

Heart rate variability (HRV) is an easy and non-invasive 
tool for the assessment of variations in beat-to-beat intervals 
and autonomic nervous system activity with HRV obtained by 
linear methods within the domains of time and frequency anal- 
yses, and nonlinear methods (Task Force, 1996). HRV has been 
studied extensively in regards to CVD (Vrijkotte et al., 2000; 
Kivimaki et al, 2006; Yarnell, 2008; Thayer et al, 2010; Frodl 
and O'Keane, 2012), exercise (Proper et al, 2002; Kiviniemi 
et al, 2007; Buchheit et al, 2010; Boullosa et al., 2012), and 
stress (Hjortskov et al, 2004; Collins et al, 2005; Yarnell, 2008; 
Loerbroks et al, 2010; Uusitalo et al, 2011). The use of HRV 
as a practical monitoring tool for allostatic load though has 
been scarce and may provide a simple instrument for workers 
in the workplace. Greater HRV has been related to lower car- 
diovascular risk (Kiviniemi et al., 2010), greater physical fitness 
and responsiveness to aerobic training (Hautala et al, 2010), 
greater PA levels in workers (Rennie et al, 2003), and lower 



www.frontiersln.org 



February 2014 | Volume 5 | Article 67 | 1 



Tonello et al. 



PA, HRV, and work stress 



work related stress in workers (Uusitalo et al., 2011). Collectively, 
these and other previous studies (Orsila et al., 2008; Thayer and 
Lane, 2009; Hynynen et al., 2011) emphasize the importance of 
HRV for the assessment of cardiovascular stress in the work- 
place with PA and fitness potentially enhancing HRV control. 
Therefore, the aim of this mini-review was to review the cur- 
rent literature regarding HRV, PA, fitness, and workplace stress 
to better delineate the current understanding and potential for 
future studies. 

MATERIALS AND METHODS 

An extensive search of relevant studies listed within the National 
Library of Medicine (PubMed) and ISI Web of Knowledge 
databases over the past 10 years (2003-2013) was conducted. The 
following combination of terms was utilized during the search: 
(exercise OR PA OR physical fitness) AND (workers OR occupa- 
tional OR work OR job) AND cardiovascular stress (Figure 1). 
Inclusion criteria included: original articles; written in English; 
study population consisted of workers; included assessments of 
PA and/or exercise; assessment of work- related stress, and cardiac 
autonomic control monitored via HRV. The review, evaluation 
and selection of articles based upon inclusion criteria were carried 
out independently by three of the authors. 

RESULTS 

After initial searches based on the combination of specific terms 
were performed, there were 228 and 383 articles identified 
within PubMed and ISI Web of Knowledge databases, respec- 
tively (Figure 1). The titles and abstracts of these 611 articles were 
reviewed with 593 excluded as not meeting the inclusion crite- 
ria. Subsequently, 18 articles were obtained in fall and examined 
further for details according to the inclusion criteria (Figure 1). 
Based upon these criteria, only seven articles were included in this 
study (see Table 1). These studies examined autonomic function 
via HRV for job stress evaluation, however studies included a vari- 
ety of analyses, different scheduling of R-R recordings, and var- 
ious populations that make comparisons difficult. Nevertheless, 
several studies (Chandola et al., 2008; Clays et al., 2011; Uusitalo 
et al, 2011) reported a reduced HRV in workers reporting work- 
related stress. Interestingly, only Chandola et al. (2008) reported 
a positive association between work stress and CVD possibly as a 
consequence of the negative influence of stress on health behav- 
iors (i.e., reduced PA and poor diet). Meanwhile, others (EUer 
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FIGURE 1 I Overview of search strategy. 



et al., 2011b; Lindholm et al., 2012) did not find any direct rela- 
tionship between stress and HRV indices although a reduced HRV 
was exhibited during an imbalance between effort and reward, 
and in those workers experiencing irregular shiftwork, important 
sources of work- related stress. Likewise Melville et al. (2012) and 
Cheema et al. (2013) reported no relationship between HRV and 
stress with reductions in stress and anxiety following workplace 
yoga interventions accompanied by no changes in HRV. 

All included studies assessed the level of PA or exercise with 
most simply reporting the level in a descriptive function. Only 
one study (Cheema et al., 2013) examined PA or exercise as an 
independent variable in a longitudinal design of work related 
stress and autonomic control of HR. Surprisingly, this recent 
study (Cheema et al., 2013) reported a worsening of autonomic 
control of HR (i.e., decrements in HRV indices) for the yoga 
intervention group vs. the control group. Paradoxically, the par- 
ticipants of this study exhibited improvements in some fitness 
characteristics and a reduced anxiety state after the yoga interven- 
tion suggesting an effective intervention but with an unexpected 
reduced HRV (Cheema et al., 2013). Previously, Melville et al. 
(2012) examined the acute effects of both yoga and meditation 
interventions on perceived stress and HRV with no significant 
changes in HRV during the acute post-intervention period (i.e., 
ISmin), despite significant reductions in perceived stress after 
both interventions. 

DISCUSSION 

This review suggests that autonomic function could be a simple 
and effective measure to identify workplace stress. Additionally, 
a single study with longitudinal workplace PA interventions 
reported improved worker stress levels without significant posi- 
tive changes in cardiac autonomic activity, a mechanism known 
to be cardioprotective. Based upon the current few studies of PA 
and stress, and equivocal relationships between stress and cardio- 
vascular health in workers, we encourage more studies involving 
varying PA and exercise interventions in the workplace to better 
examine the benefits of PA and exercise on both stress and HRV. 

Overall, the current review provides further support of the 
applicability of cardiac autonomic function monitoring for work 
related stress. Factors related to adverse working conditions such 
as excessive effort (Vrijkotte et al., 2004), effort-reward imbal- 
ance (EUer et al., 2011a; Uusitalo et al., 2011), over commitment 
(Vrijkotte et al, 2004; Lindholm et al., 2012), irregular shift 
work (Lindholm et al, 2012), and work stress (Chandola et al., 
2008) were significantly related to reduced cardiac autonomic 
function. Therefore, HRV monitoring may provide a simple and 
non-invasive assessment of stress and allostatic load in working 
environments that employers could utilize in the efficient man- 
agement of employees. The recent systematic review of Jarczok 
et al. (2013) provides further support for HRV use in employee 
management with adverse psychosocial work conditions reported 
to be negatively associated with autonomic nervous system func- 
tion as indexed by HRV. 

It should be pointed out that within the current review, a 
variety of different HRV analyses were employed that limited 
comparisons between studies. The selection of HRV methodol- 
ogy is an important issue as tool sensitivity may compromise 
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the detection of cardiac autonomic responses (Hynynen et al., 
2011). Aspects such as variations in HRV measures examined 
(e.g., linear, non-linear, etc.), data analysis (e.g., supine, seated. 
Fast Fourier Transform, Autoregression, etc.) as well as the quality 
of data (e.g., degree of ectopy/artifact, sampling rate, record- 
ing length, etc.) make comparisons between studies challeng- 
ing (Jarczok et al, 2013). For instance, Hynynen et al. (2011) 
reported that HRV during an orthostatic test upon wakening may 
be more useful for the analysis of stress in real life compared 
to night time recordings. In contrast, HRV measures recorded 
during both work and at night were reported to be also sen- 
sitive markers of mental stress alterations at work (Hjortskov 
et al., 2004; Yarnell, 2008). Further studies should determine the 
optimal HRV methods for detecting cardiac autonomic stress 
related adaptations. Factors such as the HRV measure (i.e., 
time or frequency domain, nonlinear, etc.), time, and dura- 
tion of recordings and body posture (Young and Leicht, 2011; 
BouUosa et al., 2012) may play an important role that requires 
further clarification. Given the possible influence of factors exter- 
nal to work related stressors during long recordings, the use 
of laboratory controlled recordings should be included in fur- 
ther studies for a better evaluation of autonomic control of HR 
(Lombardi and Stein, 2011). Additionally, other cardiac auto- 
nomic indices (i.e., heart rate recovery; HRR, post-exercise) 
could also be employed as a delayed HRR was reported in 
individuals with high levels of stress and depression (Gordon 
et al., 2012). Consequently, the simple assessment of HRV and 
HRR may provide a comprehensive evaluation of the cardiac 
autonomic health of workers and prognosis for work-related 
stress and responsiveness to exercise training (Huovinen et al, 
2011). 

Another important restriction of studies within the current 
review was the different assessment tools for stress levels or psy- 
chosocial characteristics of work. For instance, the following tools 
were utilized in the current review studies: effort reward imbal- 
ance model (ERI-model) (EUer et al., 2011a; Uusitalo et al., 
2011), Job Descriptive Index (JDI); Job in General (JIG) scale 
(Cheema et al, 2013), job stress questionnaire (Clays et al, 
2011), stress questionnaire (Lindholm et al., 2012), job-strain 
questionnaire (Chandola et al., 2008), and a 100 mm visual 
analog scale (Melville et al., 2012). While each of the aforemen- 
tioned tools has been used to assess stress at work, differences 
in specificity, reliability, and validity of these tools and their 
relationship with cardiac autonomic activity made comparisons 
difficult. Standardized use of stress assessment tools may help 
clarify the relationship between stress and cardiac autonomic 
activity. For example, Jarczok et al. (2013) highlighted that mea- 
surements of stress could be grouped when evaluated by ERI 
and JDC questionnaires with these questionnaires demonstrat- 
ing a significant association between high strain/stress work and 
decreased vagal tone. Identification of the ultimate assessment 
tool may help to better understand the relationship between car- 
diovascular stress and workers health. Further, this tool may also 
overcome the confounding variables that affect the measurement 
of cardiac autonomic control such as age, sex, disease, caffeine 
intake, PA, smoking, and alcohol consumption (Jarczok et al., 
2013). 



One disappointing aspect of the current review was the low 
incidence of exercise and PA with only two studies involving exer- 
cise interventions (i.e., yoga or yoga and meditation) (Melville 
et al., 2012; Cheema et al., 2013) in the workplace. Further, these 
recent studies (Melville et al, 2012; Cheema et al., 2013) revealed 
contradictory results regarding the relationship between exercise 
interventions, stress, and HRV. The remaining studies (Vrijkotte 
et al, 2004; Clays et al, 2011; EUer et al., 2011a; Uusitalo et al, 
2011; Lindholm et al, 2012) simply recorded PA as a factor of 
consideration in their analyses. Moreover, only one study objec- 
tively recorded the levels of PA via accelerometry (Uusitalo et al, 
201 1) with the remaining studies utilizing questionnaires for this 
purpose. Further, very few examined physical fitness with those 
studies assessing physical fitness (Clays et al., 2011; Uusitalo et al, 
201 1; Cheema et al., 2013) and not the potential role of this factor 
on stress responses and HRV. Therefore, the results of our review 
confirmed the variety of factors utilized in past studies with future 
studies recommended to examine objective measures of exercise 
and PA as these have been previously associated with HRV levels 
(Rennie et al, 2003; Hautala et al, 2010; Takada et al, 2010). 

Previous studies have observed a weak and inverse association 
between job strain and leisure time PA indicating the potentially 
important role of PA for managing work related stress (Loerbroks 
et al., 2010). Previously, Choi et al. (2010) reported that having 
on-the-job learning opportunities and decision authority about 
their tasks may be conducive to increasing active leisure time PA 
in middle-aged US workers. While these previous studies have 
analyzed the impact of work conditions on leisure time PA, other 
studies have analyzed the impact of complex interventions includ- 
ing exercise in the workplace. For instance, Eriksen et al. (2002) 
previously demonstrated the greater effectiveness of complex 
interventions including PA than more focused non-PA interven- 
tions (e.g., stress management alone). Subsequently, Tveito and 
Eriksen (2009) reported in a randomized controlled study that 
a program consisting of physical exercise, stress management 
training, health information and an examination of the partic- 
ipants' workplace, promoted improvements in health, physical 
fitness, muscle pain, stress management, maintenance of health, 
and work situation. Overall, these previous studies highlighted 
the appropriateness of complex, exercise or PA based interven- 
tions at work for stress management and other health related 
outcomes. Paradoxically, in our focused review we found only 
two studies with workplace exercise interventions. Melville et al. 
(2012) evaluated the impact of a brief intervention (e.g., 15min 
of yoga) at work on the acute cardiovascular responses (i.e., HR, 
HRV, and blood pressure) and perceived stress. Interestingly, this 
study reported a higher HRV during yoga and meditation inter- 
ventions that returned to baseline immediately after the session 
with a reduction of perceived stress for 15 min post-intervention 
(Melville et al., 2012). Although the results of this study were 
promising, these results, within a small time of evaluation, should 
be considered with caution, especially due to the low inten- 
sity and duration of yoga practice. However, such an exercise 
intervention could be promising for the control of acute work- 
related stress responses (Hamer, 2012). Another study (Cheema 
et al, 2013) also evaluated the effectiveness of a workplace pro- 
gram based of hatha yoga (10 weeks, 50 min at lunch time, 3 
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times per week) on physiological stress (HRV) and associated 
health-related outcomes in a cohort of office workers. Despite 
the reduction of anxiety and fitness improvements among those 
with high adherence rates, the decrease in HRV after the interven- 
tion period raised concerns about the effectiveness of this exercise 
modality for the cardiac health of workers. Further studies with 
other exercise and PA interventions, which are different concepts 
(Caspersen et al, 1985), may clarify the most appropriate modal- 
ity and dose-response for the control of stress and associated CVD 
in workers. 

In the current review, most studies were cross-sectional with 
only two involving exercise interventions (yoga and meditation). 
Based on this review, there is a notable lack of studies compar- 
ing longitudinal interventions and the cause-effect relationships 
between physical fitness, exercise, and PA, and cardiovascular 
stress (Hamer, 2012). Moreover, identification of barriers and 
facilitators for PA or exercise at work (Renton et al, 2011; Leicht 
et al., 2013) may assist with the development of the most appro- 
priate interventions to assist workers based on their employment 
demands. For instance, emergency physicians with different shifts 
(14 or 24-h) exhibited significant differences in stress levels 
(Dutheil et al., 2012). Such factors may assist in developing the 
best interventions and any potential changes in working envi- 
ronments (Conn et al, 2009). Although the use of complex 
interventions including exercise, psychological and nutritional 
habits have been previously recommended (Carson et al., 2010; 
Strijk et al., 2012), the inclusion of sole exercise and/or PA inter- 
ventions may determine the appropriate dose-response (Vanhees 
et al, 2012). This would be very important as the levels of phys- 
ical fitness that protect against CVD when considering specific 
job demands remain undefined (Huang and Acevedo, 2011). 
Moreover, CVD risk factors and stress exhibit a bidirectional 
relationship as stress promotes changes in behavior and patho- 
physiological parameters and vice versa (Huang and Acevedo, 
2011) that should be considered in both prevention and treatment 
interventions (Stults-Kolehmainen, 2013). Thus, stressed work- 
ers may be less inclined to perform PA contributing to a greater 
deterioration of their health and progression of pathophysiolog- 
ical conditions (Azevedo et al, 2012; Silva and Barreto, 2012). 
Identification of barriers and motivators within workers would 
be an important aspect for designing effective and individualized 
intervention programs that also considers PA levels and sitting 
time derived from specific job activities (Leicht et al., 2013). 

In summary, the results of the current review suggested a 
relationship between work related stress and autonomic control 
of HR. However, the extent of the positive benefits of both PA 
and exercise on both stress and HRV remains to be elucidated. 
Thus, future research, especially longitudinal studies, with differ- 
ent work categories and samples are needed to better understand 
how different levels of physical fitness, energy expenditure and 
exercise modes prevent or minimize the allostatic load and sub- 
sequent stress on workers and their impact on cardiovascular 
health. 
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